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Abstract 

Background: Frailty is related to adverse outcomes in the elderly. However, current status and clinical significance of frailty 
have not been evaluated for the Korean elderly population. We aimed to investigate the usefulness of established frailty 
criteria for community-dwelling Korean elderly. We also tried to develop and validate a new frailty index based on a 
multidimensional model. 

Methods:\Ne studied 693 participants of the Korean Longitudinal Study on Health and Aging (KLoSHA). We developed a 
new frailty index (KLoSHA Frailty Index, KFI) and compared predictability of it with the established frailty indexes from the 
Cardiovascular Health Study (CHS) and Study of Osteoporotic Fracture (SOF). Mortality, hospitalization, and functional 
decline were evaluated. 

Results:lhe prevalence of frailty was 9.2% (SOF index), 13.2% (CHS index), and 15.6% (KFI). The criteria from CHS and KFI 
correlated with each other, but SOF did not correlate with KFI. During the follow-up period (5.6±0.9 years), 97 participants 
(14.0%) died. Frailty defined by KFI predicted mortality better than CHS index (c-index: 0.713 and 0.596, respectively; 
p<0.001, better for KFI). In contrast, frailty by SOF index was not related to mortality. The KFI showed better predictability 
for following functional decline than CHS index (area under the receiver-operating characteristic curve was 0.937 for KFI and 
0.704 for CHS index, p = 0.001). However, the SOF index could not predict subsequent functional decline. Frailty by the KFI 
(OR = 2.1 3, 95% CI 1.04-4.35) and CHS index (OR = 2.24, 95% CI 1.05-4.76) were associated with hospitalization. In contrast, 
frailty by the SOF index was not correlated with hospitalization (OR = 1.43, 95% CI 0.68-3.01). 

Conclusion: Prevalence of frailty was higher in Korea compared to previous studies in other countries. A novel frailty index 
(KFI), which includes domains of comprehensive geriatric assessment, is a valid criterion for the evaluation and prediction of 
frailty in the Korean elderly population. 
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Introduction 

Frailty is a state of decreased homeostatic capacity against stress 
in older adults and reflects physiological age rather than 
chronological age. By this nature, frailty widely overlaps with 
functional impairment and comorbidity, but has independent 
features and prevalence [1]. Moreover, it is an independent risk 
factor for subsequent mortality, institutionalization, and morbid- 
ities such as fall, incontinence, and immobility [2,3]. 

Korea is known for being one of the most rapidly aging 
countries in the world [4]. Therefore, frailty has been a critically 
important public health problem due to its self-aggravating 
character and socio-economic burden. However, there is limited 



data regarding the prevalence and outcome of frailty in Korea. In 
addition, to our knowledge, there was no validated criterion of 
frailty for use with the Korean population, although the 'Korean 
frailty index' [5] showed some correlation with Cardiovascular 
Health Study (CHS) frailty index. Nevertheless, it did not show 
validity through outcome measures. 

Although diverse conceptual models of frailty have been 
reported, the definition of frailty remains controversial [6]. 
Previous studies presented various diagnostic criteria for frailty 
[1,2,7,8], ranging from a simple question appropriate for busy 
clinical settings to complex models more suitable for research. 
There have been attempts to diagnose frailty through phenotype 
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Table 1. Predictability of individual variables for death. 







P 


HR 


95% CI 


1 2-total SPPB score 




0.22 


1.24 


1.17-1.32 


K-ADL score 




0.19 


1.20 


1.10-1.31 


K-IADL score 




0.25 


1.28 


1.21-1.36 


Low albumin 


0-4 g/dL 


0.78 


2.18 


1.46-3.25 


K-MMSE score 


21-24 


0.22 


1.24 


0.73-2.10 




18-20 


0.14 


1.15 


0.52-2.58 




11-17 


1.35 


3.85 


2.22-6.68 




1-10 


2.39 


10.92 


5.56-21.45 



Abbreviations: HR-hazard ratio, 95% CI-95% confidence interval, SPPB-Short 
Physical Performance Battery, K-ADL score-Korean Activity of Daily Living score, 
K-IADL score-Korean Instrumental Activity of Daily Living score, K-MMSE score- 
Korean version of the Mini-Mental Status Examination score. 
doi:1 0.1 371 /journal.pone.0087958.t001 



model [1]. On the other hand, a model of the accumulation of 
deficits [8] has been advocated by another group. Recently, a 
multidimensional model of frailty (Multidimensional Prognostic 
Index, MPI) showed substantial validity [9]. 

The phenotype model of CHS frailty index was originally 
constructed from an epidemiological study and contains fortu- 
itously chosen items from CHS study such as an activity 
questionnaire that is not typically used in clinical geriatric 
evaluation. Two later models for frailty have a quantitative 
feature and use information acquired from a comprehensive 
geriatric assessment (CGA). The accumulation of deficits model 
emphasizes the connected features of clinical deficits [10], 
assuming that stability is established by increasing the number of 
variables. This model is known for its strong predictability for 
mortality and functional outcome in a community setting. 

On the other hand, MPI was composed of variables from CGA, 
which has significant predictability for mortality [9] . The MPI was 
superior to the accumulation of deficit model and operational 
criteria in predicting the mortality of hospitalized patients [9]. 
Nevertheless, the validity of the MPI was less clear for functional 
outcome. 

On these backgrounds, we comprehensively evaluated the 
prevalence and adverse outcomes of frailty in community-dwelling 
older adults in Korea using established frailty criteria. Further- 
more, we developed a novel frailty index which has the 
characteristics of MPI with variables from CGA, and compared 

Table 2. Composition of the KLoSHA frailty index. 



the predictability for clinical outcome from this novel index with 
the existing phenotypic frailty criteria. 

Materials and Methods 

Study Subjects 

The Korean Longitudinal Study on Health and Aging 
(KLoSHA) has been described in detail elsewhere [11,12]. Briefly, 
KLoSHA was a population based prospective cohort study of 992 
Koreans 65 years or older residing in the city of Seongnam. The 
KLoSHA subject group consists of 714 randomly sampled 
individuals 65 years or older reflecting general elderly population 
and 278 volunteers 85 years or older. The baseline study was 
conducted from September 2005 to September 2006 in the Seoul 
National University Bundang Hospital (SNUBH). This study was 
conducted according to the Declaration of Helsinki. The 
Institutional Review Board of SNUBH approved the study 
protocol. Written informed consent was obtained from all subjects. 

Among the 992 subjects, 693 participants underwent evaluation 
including the Short Physical Performance Battery (SPPB) and the 
handgrip strength test. Of the 693 subjects, 442 participants 
completed the 5-year follow up evaluation from May 2010 
through March 2012. The reasons for follow up loss were 
unavailable contact (N = 17), refusal of recommended follow-up 
tests (N = 144), and death before follow up evaluation (N = 90). 

The baseline characteristics of the subjects who lost to follow up 
were compared with the subjects who completed the follow up. 
Subjects who lost to follow up were older, more frail, cognitively 
worse, and more functionally dependent. 

Baseline Geriatric Examination 

The baseline examination of KLoSHA includes a broad range 
of geriatric evaluations. The complete list of evaluation items has 
been described previously [12]. 

Functional status. Activities of daily living (ADL) were 
assessed by the Korean Activities of Daily Living (K-ADL) scale, 
which includes evaluation of dressing, bathing, eating, getting out 
of bed, and using the toilet, with score ranging from 7 to 21 points. 
The instrumental ADL was evaluated using the Korean Instru- 
mental Activities of Daily Living (K-IADL) scale, from 0 to 10 
points, concerning grooming, housework, meal preparation, 
bathing, going to places outside the home, using transportation, 
shopping, managing money, and making phone calls. 

Body composition, physical activity and 
performance. To assess body composition, a bioimpedence 
analysis with Inbody 3.0 (Biospace, Seoul, Korea) was performed 
with measurements of height and weight. Physical activity was 







Scoring 


Value 


Weighting 


Score 


SPPB 


1 2-total SPPB score 


12 


0.217 


2.604 


K-ADL score 


Total score 


21 


0.185 


3.885 


K-IADL score 


Number of impaired components 


10 


0.248 


2.480 


K-MMSE score 


0 (25-), 0.25 (21-24), 0.5 (18-20), 0.75 (11-17), 1 (-10) 


1 


2.391 


2.391 


Albumin 


1 (0-4 g/dL), otherwise 0 


1 


0.780 


0.780 


Divide 








12.140 


Total 








1.000 



Abbreviations: SPPB-Short Physical Performance Battery, K-ADL score-Korean Activity of Daily Living score, K-IADL score-Korean Instrumental Activity of Daily Living 
score, K-MMSE score-Korean version of the Mini-Mental Status Examination score. 
doi:1 0.1 371 /journal.pone.0087958.t002 
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Table 3. Comparisons of demographic, anthropometric, and 
laboratory data in examinees between dead or alive during 
the follow-up period. 



Alive N = 596 Dead N = 97 p-value 



Abbreviations: ASM/ht 2 -appendicular skeletal muscle mass per square meter 
height, BP-blood pressure, HDL-cholesterol-high density lipoprotein cholesterol, 
ESR-erythrocyte sedimentation rate, ALT-alanine aminotransferase, AST- 
aspartate aminotransferase, ALP-alkaline phosphatase, SPPB-Short Physical 
Performance Battery, K-ADL score-Korean Activity of Daily Living score, K-IADL 
score-Korean Instrumental Activity of Daily Living score, GDS-K score-Korean 



version of the Geriatric Depression Scale score, K-MMSE score- the Korean Mini- 
Mental State Examination score, CHS-Cardiovascular Health Study, SOF-Study of 
Osteoporotic Fracture, KLoSHA-Korean Longitudinal Study on Health and 
Aging. 

Data are presented as the mean (SD) or number (%). 
doi:1 0.1 371 /journal.pone.0087958.t003 

measured by the Baltimore Longitudinal Study of Aging (BLSA) 
Activities Questionnaire [13]. Physical function was measured by 
the SPPB [14]. Isometric grip strength was assessed using a 
handgrip dynamometer (JAMAR hydraulic hand dynamometer, 
Sammons Preston, Bolingbrook, IL, USA). 

Cognition and mood. Among many scales used in 
KLoSHA, the authors used the Korean version of the Geriatric 
Depression Scale (GDS-K), the Center for Epidemiological 
Studies depression (CES-D) scale [15], and the Korean Mini- 
Mental State Examination (K-MMSE) [16]. 

Frailty Indexes 

CHS frailty index. We used a modified version of the 
original CHS frailty index (CHS index) [1], which has been well 
validated. Frailty was defined by the following components: (1) 
unintentional weight loss of 3 kg or more for 6 months; (2) 
weakness of handgrip strength, ranking in the lowest quintile of the 
study population adjusted for body mass index; (3) exhaustion, 
shown by answers to the CES-D scale questions "I felt that 
everything I did was an effort" and "I could not get going" that 
were rated "moderate amount to most of the time during the last 
week"; (4) slowness, determined by a usual walking speed of 
0.6 m/s or less; and (5) low physical activity, ranked in the lowest 
quintile (400 or less Kcal per week) on the BLSA Activities 
Questionnaire. The subjects having a score of 0 were considered 
robust, 1-2 indicated prefrail, and &3 indicated frail condition. 

Study of osteoporotic fracture (SOF) frailty index. A 
modified SOF frailty index (SOF index) [2] was used with the 
following components: (1) unintentional weight loss of 3 kg or 
more for 6 months; (2) inability to stand from a chair 5 times; (3) 
reduced energy level indicated by answering "no" to the question 
"Do you feel full of energy?" on the GDS-K. Subjects having none 
of these components were considered to be robust, those having 1 
component were considered to be prefrail, and those having 2-3 
components were considered to be frail. 

KLoSHA frailty index. We intended to develop a multidi- 
mensional frailty index to reflect domains of CGA including 
physical function, physical performance, cognitive function, mood, 
and nutritional status. To increase dynamic range and discrim- 
inability of the new frailty index, applying weighting for each 
domain by its clinical significance was planned, rather than simple 
summation used in accumulation of deficits model. Accordingly, 
we selected the variables in KLoSHA that reflect these domains 
and show statistical significance for predicting mortality in the 
preliminary analysis. Among the variables, SPPB, K-MMSE, 
serum albumin level, K-ADL and K-IADL were selected. On the 
other hand, GDS-K was excluded because it failed to show 
statistical significance for mortality by neither continuous nor 
categorical fashion. The cut-off points for the K-MMSE [10] score 
were adapted from the literature. The weighting values of each 
variable were defined using the coefficients of the Cox propor- 
tional hazard model. Considering the intrinsic redundancy of the 
frailty model, unadjusted coefficients were used. A KLoSHA 
frailty index (KFI), total score of 1, was made (Table 1,2). 



Age (years) 


73.39 


(7.66) 


82.15 


(8.82) 


<0.001 


Sex (Female) 


31 1 


(52.20) 


41 


(42.30) 


0.070 


Body mass index 
(Kg/m2) 


24.25 


(3.13) 


23.00 


(3.48) 


0.001 


Height (Cm) 


157.68 


(0.05) 


158.36 


(9.68) 


0.530 


Vluscle mass (Kg) 


40.04 


(7.62) 


39.49 


(8.53) 


0.551 


ASM/ht 2 (Kg/m2) 


11.97 


(1.23) 


11.67 


(1.45) 


0.081 


Systolic BP (mmHg) 


132.30 


(17.16) 


133.54 


(19.87) 


0.563 


Diastolic BP (mmHg) 


83.22 


(10.47) 


82.38 


(12.48) 


0.476 


Cerebrovascular disease 


58 


(9.70) 


10 


(10.3) 


0.859 


Cardiovascular disease 


276 


(46.30) 


47 


(48.50) 


0.695 


Cancer history 


42 


(7.00) 


9 


(9.30) 


0.435 


Hypertension 


420 


(70.50) 


70 


(72.20) 


0.734 


Diabetes 


147 


(24.70) 


28 


(28.90) 


0.377 


Hemoglobin (g/dL) 


13.94 


(1.43) 


13.12 


(1.39) 


<0.001 


Albumin (g/dL) 


4.13 


(0.23) 


4.04 


(0.29) 


0.004 


Cholesterol (mg/dL) 


203.36 


(38.25) 


192.15 


(33.55) 


0.007 


HDL-cholesterol 
(mg/dL) 


60.48 


(15.00) 


58.99 


(15.83) 


0.371 


: olate (ng/mL) 


13.81 


(17.29) 


11.57 


(12.84) 


0.222 


Hemoglobin A1C (g/dL) 


6.05 


(0.84) 


6.03 


(0.86) 


0.851 


Creatinine (mg/dL) 


1.10 


(0.23) 


1.26 


(0.53) 


0.005 


ESR (mm/hr) 


18.69 


(12.68) 


23.45 


(15.53) 


0.005 


: erritin (ng/mL) 


1 1 8.84 


(122.78) 


121.63 


(93.27) 


0.832 


C-reactive protein 
(mg/dL) 


0.23 


(0.72) 


0.26 


(0.57) 


0.728 


Bilirubin (mg/dL) 


0.84 


(0.37) 


0.82 


(0.40) 


0.757 


ALT (mg/dL) 


23.29 


(18.17) 


18.58 


(10.47) 


0.014 


AST (mg/dL) 


26.21 


(16.74) 


24.59 


(7.89) 


0.354 


ALP (mg/dL) 


75.68 


(24.06) 


84.59 


(32.76) 


0.012 


SPPB, Balance 


3.44 


(0.97) 


2.78 


(1.34) 


-C0.001 


SPPB, Walking speed 


2.93 


(1.03) 


2.29 


(1.16) 


<0.001 


SPPB, Seat standing 


2.73 


(1.20) 


2.01 


(1.24) 


<0.001 


1 2-total SPPB score 


2.78 


(2.58) 


4.91 


(3.13) 


<0.001 


K-ADL score 


7.11 


(0.74) 


7.60 


(1.92) 


0.016 


K-IADL score 


12.37 


(3.96) 


15.77 


(5.60) 


<0.001 


GDS-K score 


10.77 


(7.26) 


12.01 


(6.69) 


0.125 


K-MMSE score 


24.17 


(4.10) 


20.63 


(6.50) 


<0.001 


Education (years) 


7.81 


(5.68) 


7.25 


(5.65) 


0.371 


CHS frailty index 


1.19 


(1.06) 


1.72 


(1.01) 


<0.001 


SOF frailty index 


0.69 


(0.64) 


0.59 


(0.63) 


0.457 


KLoSHA frailty index 


0.25 


(0.10) 


0.34 


(0.15) 


<0.001 



PLOS ONE | www.plosone.org 



3 



February 2014 | Volume 9 | Issue 2 | e87958 



Prevalence, Outcome of Frailty in Korean Elderly 





Figure 1. The distributions of each KFI-component variable by KFI and fractional polynomial prediction plots. The shaded area 
denotes a 95% confidence interval for the prediction curve. (A) 12-SPPB score (B) K-ADL score (C) K-IADL score (D) K-MMSE score (E) albumin (g/dL). 
doi:1 0.1 371 /journal.pone.0087958.g001 



Thereafter, cut-off values for prefrail (—0.2) and frail (SfJ.35) were 
defined by distributions of frailty index and clinical frailty scale of 
another study [8] for comparisons between KFI with other 
phenotype models of frailty. 

Outcome Measures 

All of the participants were flagged for mortality at the National 
Statistical Office of Korea, which provided data for the date and 
cause of all deaths occurring until the end of December 201 1. We 
added the mortality data from National Statistical Office of Korea 
to our dataset using each individual identifier. Functional decline 
at follow-up was defined as an increment in the K-ADL score. The 
data on hospitalization after the initial examination was gathered 
by patient interview at the follow-up assessment. 

Statistical Analysis 

We used an independent t-test for continuous variables and %2 
test for discrete variables to evaluate the characteristics of the 
participants. Cox proportional hazards models were used to assess 
the associations between variables and death. The appropriateness 
of the Cox models was checked by log-log plot. The weighting 
factor of the KFI was derived from the coefficients of the Cox 
proportional hazards models. The variables included in fully 
adjusted Cox proportional hazards models were selected from the 



baseline data. We used Harrell's c-index [17] for each frailty index 
to compare the capability of discrimination for mortality. For KFI, 
bootstrapping of the total study sample was performed 1000 times, 
and the c-index was calculated. The linear correlation between 
each index was assessed with Spearman's coefficient. The effect of 
frail status on subsequent hospitalization and functional decline 
was evaluated by logistic regression analysis. Receiver operating 
characteristic (ROC) curves were made with each index and 
compared for functional decline and hospitalization. The statistical 
analysis was performed using STATA 12.0 (StataCorp, College 
Station, TX, USA). 

Results 

Baseline Characteristics and Frailty Status by each Index 

The baseline characteristics, including the anthropometric 
information, comorbidity, and functional status of 693 subjects, 
are shown in table 3. The mean age was 75.9 (SD = 8.9) years, and 
352 subjects (50.8%) were female. Among the subjects, 143 
(20.6%) were oldest-old (>85 years old), 117 (16.9%) were old-old 
(75-84 years old), and 433 (62.5%) were young-old (65-74 years 
old). 

Among the 62 1 subjects who were evaluated for the CHS index, 
82 (13.2% total; 19.2% female, 7.3% male) were frail, and 369 
(59.4% total; 60.6% female, 58.3% male) were prefrail. In the 
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(A) 



(B) 




60 



80 



100 60 

Age (years old) 



80 



100 





95% CI — 


predicted KFI 




KFI 





Figure 2. The distributions of KFI by age and fractional polynomial prediction plots plotted by sex, (A) female, (B) male. The shaded 
area denotes a 95% confidence interval for the prediction curve. 
doi:1 0.1 371 /journal.pone.0087958.g002 



SOF index of 663 subjects, 61 (9.2% total; 9.9% female, 8.5% 
male) were frail, and 328 (49.5% total; 49.1% female, 49.8% male) 
were prefrail. The KFI was calculated for 668 subjects, showing 
104 frail (15.6% total, KFI>0.35; 22.2% female, 9.0% male) and 
287 prefrail (43.0% total, 0.20<KFI<0.35; 44.3% female, 41.6% 
male). 

Spearman's coefficient between the CHS index and the SOF 
index was 0.252 (£< 0.001), that between the CHS index and the 
KFI was 0.487 (£<0.001), and that between the SOF index and 
KFI was -0.003 (£ = 0.949). 

During a mean follow-up of 5.57 years (SD = 0.93), 97 subjects 
died, 139 experienced hospitalization, and 18 showed functional 
decline. The subjects with follow-up loss were older (/><0.001) and 
more frail at the baseline evaluation (/><0.00 1 with KFI, p = 0.00 1 



Table 4. Unadjusted and adjusted hazard ratio for the 
mortality according to the frailty status from each frailty index. 







HR 


95% CI 


Unadjusted Cox proportional hazard analysis 


KLoSHA index (Frail) 


7.23 


4.01-13.05 


CHS index (Frail) 


4.05 


1.62-10.16 


SOF index (Frail) 


0.67 


0.28-1.58 


Fully adjusted Cox proportional hazard analysis* 


KLoSHA index (Frail) 


2.18 


1 .07-4.45 


CHS index (Frail) 


1.33 


0.50-3.60 


SOF index (Frail) 


0.69 


0.29-1.67 



•Adjusted by age, hemoglobin, cholesterol, creatinine, erythrocyte 

sedimentation rate, alanine aminotransferase, alkaline phosphatase. 

Reference variable: Robust state of each frailty index. 

Abbreviations: HR-hazard ratio, 95% CI-95% confidence interval, KLoSHA- 

Korean Longitudinal Study on Health and Aging, CHS-Cardiovascular Health 

Study, SOF-Study of Osteoporotic Fracture. 

doi:1 0.1 371 /journal.pone.0087958.t004 



with CHS index). They had a higher GDS-K score (£ = 0.001), 
more impaired K-ADL (p - 0.002) and K-IADL (£<0.001), and a 
worse SPPB score (£<0.001). 

The correlations between KFI and key variables or age are 
presented in figure 1 and 2, respectively. In the subjects who were 
classified as frail by the 3 indexes, the SPPB score, K-IADL score, 
subjective health status, and duration of education were worse (all 
p<0.05). Frail subjects by the CHS index and the KFI were older, 
had lower muscle mass, albumin levels, and MMSE scores (all 
/;<0.05). 

Predictability of Clinical Outcomes by each Index 

Outcomes including mortality, functional decline, and hospi- 
talization were evaluated. As shown in table 2, the SPPB score, K- 
ADL score, low albumin, and K-MMSE were related to mortality. 
The frailty status defined by the KFI and the CHS index were 
correlated with mortality, while frailty from the SOF index was not 
(Table 4). Harrell's c-indexes of each frailty index are shown in 



Table 5. Comparisons of predictability for mortality by frailty 
status from each frailty index. 











C-index 


/>valuef 


95% 


CI 


KLoSHA index* 




0.713 




0.656 


-0.770 


CHS index 




0.596 




0.549 


-0.642 


SOF index 




0.542 




0.485 


-0.598 


KLoSHA index vs. 


CHS index 




< 0.001 






KLoSHA index vs. 


SOF index 




< 0.001 









^Bootstrapped 1000 times, 
fp-value for C-index difference. 

Abbreviations: 95% CI-95% confidence interval, KLoSHA-Korean Longitudinal 
Study on Health and Aging, CHS-Cardiovascular Health Study, SOF-Study of 
Osteoporotic Fracture. 
doi:1 0.1 371 /joumal.pone.0087958.t005 
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Table 6. Impact of frailty statu 
subsequent functional decline. 


s from each frailty index on 








OR 


95% CI 


KLoSHA index 




Prefrail 


4.06 


0.42-39.39 




Frail 


148.00 


18.54-1181.72 


CHS index 




Prefrail 


6.62 


0.85-51.87 




Frail 


20.53 


2.40-175.80 


SOF index 




Prefrail 


0.47 


0.17-1.32 




Frail 


0.81 
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table 5, and there is a statistically significant difference between the 
KFI and CHS index (/)<(). 001), KFI showing better predictability 
for mortality. 

Functional decline was analyzed with the frailty index using a 
logistic regression model. Frailty assessed by the KFI and CHS 
indexes predicted subsequent functional decline, which was 
defined by 1 or more increments on the K-ADL score (Table 6). 
The association between the frailty index and hospitalizations was 
analyzed using a logistic regression model. Frailty from the KFI 
and CHS index was related to a subsequent hospitalization 
(Table 7). The ROC curves for functional decline and hospital- 
ization by each index are shown in figure 3. The KFI had a 
significandy larger area under the curve (AUC) for functional 
decline compared to the CHS and SOF indexes (AUC of ROC 
curve: 0.937, 0.704 and 0.565, respectively. Comparing each 
ROC curve, p — 0.001 between KFI and CHS,/><0.001 between 
KFI and SOF, p = 0.069 between CHS and SOF). The KFI and 
CHS showed no significant difference in the prediction of 
subsequent hospitalization. 

Discussion 

In this study, we developed a novel frailty index (KFI) scoring 
from 0 to 1 . To the best of author's knowledge, applying weighting 
factors for an existing CGA component to create a frailty index is a 
novel approach. We also showed the prevalence and clinical 
outcomes of frailty, using existing and novel criteria among a 
population of Korean community-dwelling elderly people. The 
KFI showed better predictability in mortality and functional 
decline compared with the CHS index. 

The prevalence of frailty in this study is higher than that in 
other studies conducted with Caucasian and Asian [18] popula- 
tions. In the original CHS study [1], the prevalence of frailty was 
7.3% for females and 4.9% for males. A study [19] conducted in 
China used a frailty index ranging from 0 to 1, and showed a 
frailty index pattern by age and sex similar to that in this study. 
Because the KLoSHA consists of 22% of volunteers aged 85 or 
older, the study population in this study is generally older than that 
in other cohort studies and may show an increased prevalence of 
frailty. 

An effective frailty index should have the following character- 
istics [8]. It should be useful, simple, and brief for use in a clinical 
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SOF-Study of Osteoporotic Fracture. 
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setting. The domains and characteristics of the KFI were originally 
chosen to enable automatic calculation from a previously prepared 
electronic medical record based on CGA data. Although it is 
cumbersome for primary physicians to use as brief screening test, 
clinicians can automatically obtain the KFI with CGA and predict 
the physiological age and quantified vulnerability of a patient. 

A good frailty index should show a general demographic pattern 
of frailty. Using the KFI in KLoSHA, a gradually rising frailty 
index was observed with increasing age. The KFI of females was 
greater than the age-matched KFI of males and never crossed 
(Figure 2). This phenomenon of more prevalent vulnerability in 
females is observed in many other studies of frailty [19,20]. Frailty 
has features independent of functional impairment or comorbidity, 
although it is broadly correlated with them. The KFI, ADL, and 
IADL share significant proportions, having vectors of functional 
impairment that reflect the phenotypic characteristics of frailty. 

An effective frailty index may predict adverse outcomes, such as 
mortality, institutionalization, and functional decline. Using c- 
statistics, the predictive validity for mortality by the KFI is better 
than that from the CHS index, which has been validated 
effectively by larger studies [1,2,21]. Interestingly, CHS index lost 
its predictability for mortality in a fully-adjusted Cox proportional 
hazards model. By comparing the ROC curves for functional 
decline and hospitalization of the three indexes, the KFI predicted 
functional decline better than CHS index, and the KFI prediction 
for hospitalization was comparable with the prediction of the CHS 
index. 

Although the SOF index was significantly correlated with the 
CHS index, it could not predict mortality, functional decline, and 
hospitalization contrary to results from previous studies [2,9] . In a 
search by the author, there was no report showing the validity of 
the SOF index in the Asian population. In this study, significant 
weight loss of 3 kg for 6 months was not related to mortality using 
the Cox-proportional hazard analysis (HR = 0.912, 95% CI 
0.713-1.167, p= 0.465). Furthermore, only 22 subjects were 
unable to stand up from their seat 5 times without using their 
arms. Although the CHS index included the weight loss item, it 
showed superior predictability for outcome compared to the SOF 
index. This phenomenon may be explained by the low model 
stability of the SOF index because it is limited to three 
components. These findings indicate that the variables chosen in 
the SOF index may not be appropriate for the elderly in Korea. 
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Figure 3. ROC curves for (A) functional decline, (B) hospitalization. (A) The area under the curve is 0.937 for KFI, 0.704 for CHS, and 0.565 for 
SOF; for the difference of each ROC curve, p = 0.001 for KFI and CHS, p<0.001 for KFI and SOF, p = 0.069 for CHS and SOF. (B) The area under the curve 
is 0.543 for KFS, 0.560 for CHS, and 0.505 for SOF; for the difference of each ROC curve, p = 0.639 for KFI and CHS, p = 0.374 for KFI and SOF, p = 0.1 80 
for CHS and SOF. 

doi:1 0.1 371 /journal.pone.0087958.g003 



Accordingly, clinicians should be cautious adopting frailty indexes 
validated in Caucasians for use with other ethnic groups. 

Similar to other major studies of frailty, KLoSHA was not 
originally designed to assess frailty. Therefore, not all of domains 
routinely measured in CGA were included in KLoSHA. For this 
reason, authors used SPPB for physical performance and serum 
albumin level for nutritional status rather than originally intended 
timed get up and go test and mini-nutritional assessment (MNA), 
which can be acquired from CGA. Because SPPB is not usually 
performed as a part of CGA, further studies are needed to replace 
SPPB with another easier method such as timed get up and go test 
or usual gait speed for universal application of KFI. 

This study has several limitations. There were many follow-up 
losses, especially for the 5-year follow-up examination, with poorer 
baseline characteristics identified in these subjects. Although we 
used complete government registry data for death occurrences, the 
unbalanced follow-up losses may weaken the validity of the follow- 
up data for functional status and hospitalization. Furthermore, 
follow-up examination was limited to 5 year later from baseline 
evaluation, impeding opportunity to assess geriatric outcomes 
including fall down, time of functional decline, and institutional- 
ization. Due to the relatively small sample size, bootstrapping was 
used to cross-validate the c-index for the KFI, rather than a 
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